In seven of the apparently sporadically affected families, three mothers had echocardiographical findings consistent with one or more rhabdomyoma. In another, the mother's renal ultrasound showed evidence of single cysts in both kidneys. In a fifth family, the father had suggestive but not diagnostic features of TS on the cranial CT scan and skeletal survey. In the sixth family, the mother was found to have atypical calcification on CT scan. In a seventh instance a sib from a two generation family had echocardiographical evidence of a rhabdomyoma.
(1) Complete physical examination with thorough examination of nail beds and skin including Wood's lamp (2) Specialist ophthalmological examination by direct and indirect fundoscopy (3) Specialist dental examination (4) Cranial CT scan with and without contrast (5) Echocardiography (6) Renal ultrasound (7) Skeletal survey the obvious signs of TS could still be at risk of having affected children.
Early family studies done without full evaluation of the parents showed that only 10 out of 71 index cases had an affected parent.' Subsequent family studies using skin, eye, and cranial CT scan showed nearly a half to be familial. 18 More recently, Cassidy et al, 9 using a more comprehensive, non-invasive screening protocol to look at apparently unaffected parents, showed the final proportion of familial cases to be just greater than 30%. In order to maximise the chance of detecting familial cases in apparently sporadically affected cases, we used a fully comprehensive, non-invasive protocol to screen parents and sibs of patients with TS so as to be able to give better advice to these relatives and to try to determine, if possible, which parts of the screening protocol are most effective.
Methods
Families were ascertained through paediatricians, neurologists, dermatologists, and ophthalmologists in the Yorkshire region, through the Tuberous Sixty-three families were contacted and of these 47 families had apparently sporadically affected subjects and 16 had affected subjects in two or three generations. Of these, 33 sporadically affected families and seven multigeneration families were willing to participate in the study.
Fifty-six first degree relatives from 32 families were evaluated by a fully comprehensive, noninvasive protocol (table 1) . These consisted of 40 parents and seven sibs from 25 sporadically affected families and nine subjects from seven multigeneration families, five with affected sibs and parents, two with an affected sib but parental status was unknown or undetermined, and two parents from two families who on pedigree analysis were obligate heterozygotes. Three families were included for investigation even though the proband did not strictly fulfil Gomez's primary diagnostic criteria for TS. All three probands presented with fits and developmental delay. In addition, one proband had two depigmented patches and intracranial calcification on CT scan which was not thought to be typical of TS, the second had one depigmented patch and a white streak of hair, while the third had two depigmented patches.
All probands were reassessed by one of us (LIA-G or RFM) using the pathognomonic or presumptive diagnostic criteria for TS as per Gomez One mother, an obligate heterozygote for TS, who had an affected child and nephew (pedigree 10) had as her only evidence of having the TS gene an area of enhancement in the medial wall of the left lateral ventricle on cranial CT scan. The second obligate heterozygote (pedigree 11) was completely normal on investigation by the protocol.
The brother of the proband who fulfilled provisional or presumptive diagnostic criteria for TS (pedigree 12) had typical depigmented patches but was not fully investigated because of his age.
PROTOCOL (TABLE 5) Cranial CT scans Cranial CT scans (unenhanced and contrast) were performed on all 56 first degree relatives, four being abnormal; one case was the mother who was an obligate heterozygote as mentioned. The CT scan of one mother showed a tiny area of increased density high up in the right frontal lobe (pedigree 2). This mother had, in addition, echocardiographical evidence of two rhabdomyomata (see below). A second mother showed a small focus of calcification in the left periventricular region (pedigree 5, fig 2) . One father (pedigree 7) showed a tiny solitary area of increased density just above the roof of the left ventricle. In addition, he had bilateral bone islands in both femoral necks (see below).
Echocardiography
Of the 56 echocardiographs performed, six showed evidence of one or more rhabdomyoma. The proband in four families had definite diagnostic features of 6) . In addition, she had patchy sclerosis of the upper diaphyseal region of the right tibia and fibula and endosteal cortical thickening at the lower third of both femoral diaphyses (see below).
In the two instances where the proband did not fulfil Gomez's criteria for TS, the mother of one proband (pedigree 9) had evidence of a single subendocardial rhabdomyoma (7x8 mm) adjacent to the medial mitral papillary muscle (fig 7) . In addition, she had a lytic area (4 mm diameter) in the FIG4 An apicalfour chamber echocardiographical view of the heart of the mother in pedigree 3 showing two small rhabdomyomata in the mid portion ofthe interventricular septum (as indicated). In the present study, cranial CT scan was definitely positive in one parent who was otherwise normal on examination by all other means (pedigree 5). In three other families, the CT scan findings were equivocal. One was the parent who is an obligate heterozygote (pedigree 10). In the other two families, the mother of the proband in one also had a positive echocardiogram (pedigree 2) and the father of the proband in the other had bone islands in both femora (pedigree 7). After this study, the latter family has had a second child who presented with infantile spasms at the age of four months.
Although the number of positive cranial CT scans as a proportion of the total number of first degree relatives evaluated is small, it can on occasion provide definitive information in isolation and may corroborate suggestive findings in other systems, which in themselves are not diagnostic of TS. The experience in this study suggests that these could be limited to non-contrast examination. There is evidence that magnetic resonance imaging has a useful role in the detection of the intracranial lesions of TS.23 MR imaging is valuable in the detection of cortical tubers. However, CT is probably superior for screening family members at risk for TS owing to its greater sensitivity in the detection of small areas of intracranial calcification. 24 Although rhabdomyomata have previously been thought to be a rare manifestation of the TS gene, recent studies have shown them to be present in a significant proportion of persons diagnosed by involvement of other systems as having TS.4 5 In a recent study, Smith et a125 evaluated 37 first degree relatives (33 adults and four children) with echocardiography and skin examination. No cardiac tumours were identified in the adults but one child had two tumours in the left ventricle, with no other signs of TS. Two other children had rhabdomyomata and no other sign of TS when first seen, but developed signs in other systems at a later stage. The authors suggested that rhabdomyomata in TS may decrease in size with age and eventually disappear accounting for their apparent rarity in adults.
In our study, five parents and one sib (pedigrees 1 to 4, 8, and 9) had evidence of one or more rhabdomyomata on echocardiography. The apparently high prevalence seen in the first degree relatives in this study could be accounted for if these occurred commonly in the general population. Experience of echocardiography in a busy routine cardiac clinic suggests that these are a very rare finding. The observation of rhabdomyomata in two first degree relatives who have evidence in other systems consistent with or suggestive of having the TS gene means that echocardiographical findings of a rhabdomyoma occurring in isolation in a relative of a person with known TS should be taken seriously. Further studies screening first degree relatives of persons with TS by echocardiography will need to be done to evaluate the validity of this assertion. In the interim we feel this investigation should be included in any comprehensive evaluation protocol of relatives at risk.
Only one parent was found to have renal evidence of having the TS gene (pedigree 6). This finding is not sufficient to make a diagnosis of TS because single renal cysts are a common finding in the general population.26 Only biopsy of the wall of the cyst would allow a definite diagnosis.
The osseous findings in persons with TS have been reported to include multiple areas of sclerosis, especially in the calvarium, spine, and pelvis, cystlike lesions, and periosteal new bone formation in the hands and feet. Although in 10 families investigated, a parent or sib had one or two positive findings, we could give definitive genetic advice in only two families (pedigrees 3 and 5). In one family (pedigree 5) the mother had a positive cranial CT scan while in the second family the mother had depigmented patches and echocardiographical evidence of rhabdomyomata (pedigree 3). It was very difficult to give definite genetic advice in the remaining seven families. In four families the proband fulfilled Gomez's criteria, but the findings in the parents and sibs did not satisfy diagnostic criteria for TS. One mother (pedigree 1) and a sister (pedigree 4) had a positive echocardiogram, the latter also having sclerosis of the upper diaphyseal region of the tibia. Another mother (pedigree 2) had a positive echocardiogram and a tiny area of increased density on the cranial CT scan. Another mother (pedigree 6) was found to have bilateral single renal cysts.
In two families (pedigrees 8 and 9) the proband did not strictly fulfil Gomez's diagnostic criteria for TS although both mothers had echocardiographical evidence of rhabdomyoma. In a third family, the proband (pedigree 12) had depigmented macules, fits, and mental retardation, fulfilling provisional diagnostic criteria for TS. Her brother had multiple depigmented macules, but because his sister did not fulfil the pathognomonic diagnostic criteria, a definitive diagnosis of TS could not be made in him.
The extent to which first degree relatives of persons with TS are investigated when providing genetic counselling varies in different centres. In part this can be attributed to the fact that it is not clear which of the many investigations which could be carried out are the most useful in determining who has the gene for this disorder.
The various reports of non-penetrance of the TS gene make it difficult to reassure completely relatives of apparently sporadically affected subjects that further persons will not be at risk. From our study there does not appear to be a single test or set of tests which can be used reliably in isolation and we suggest that first degree relatives of TS patients should be evaluated by an extensive non-invasive protocol. While there is likely to be a minimal yield of positive findings from such a protocol, the absence of abnormal findings could be used as positive evidence of the likelihood of a person at risk not having the TS gene. If more detailed information were available on the prevalence of those features commonly present in persons with TS in the general population, this could be used in a Bayesian calculation to give more accurate risk figures. In the interim we urge caution in counselling families at risk for TS. 
